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[57] ABSTRACT 
An implantable electrode, particularly a stimulation 
electrode, in which the electrode head consists of vitre- 
ous carbon which is preferably surface activated. 
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SUMMARY OF THE INVENTION 



IMPLANTABLE ELECTRODE 

It is an object of the present invention to develop an 
Thisisacontinuation, of application Ser. No. 178*601 implantable electrode which uses as little energy as 
filed Aug. 15, 1980, now abandoned, which in turn is a 5 possible even in long term operation but which at the 
continuation of application Ser. No. 778,213, filed Mar. same time has high mechanical stability. 
16, 1977, now abandoned. According to the present invention, this is achieved 

with an electrode head which consists of vitreous car- 



BACKGROUND OF THE INVENTION 



bon, i.e. glassy carbon. 



This invention relates to implantable electrodes in 10 Vitreous carbon, also called glass-like carbon, is ob- 
general and more particularly an improved implantable tained by carbonizing three-dimensionally cross-linked 
electrode particularly useful as a stimulation electrode, synthetic resins such as phenolformaldehyde or furane 
as well as its application. resins. The glass-like carbon structures produced in this 

Stimulation or stimulating electrodes, for instance, process are microcrystalline and exhibit only extemely 
for heart pacemakers generally include an insulated 15 small zones of graphite-like layers. Implantable elec- 
cable lead and an electrode head for transmitting the trodes with an electrode head of vitreous carbon are 
stimulation pulses. The electric stimulation of the heart extremely strong mechanically, since vitreous carbon is 
when the propagation of the stimulation is interrupted very hard and shows no wear. Furthermore, its surface 
presupposes the generation of a certain electric field is smooth like glass and is thereby particularly tissue 
strength at an excitable cell membrane. After the stimu- 20 compatible, so that hardly any capsulation through the 
lation is triggered, the latter propagates automatically formation of connecting tissue occurs in the tissue 
over the entiie heart muscle and causes the heart to where it is used as the electrode material, 
contract. It is particularly advantageous, with the implantable 

To trigger the stimulus an electronic pacemaker electrode according to the invention, if the electrode 
which consists of an implantable electronics part having 25 head of vitreous carbon is surface-activated. Within the 
a power supply unit and a stimulation circuit including scope of the present specification, an activated surface is 
the stimulating electrode and an indifferent electrode is understood to mean a surface with a microporous struc- 
used. During the stimulation pulse a small capacitor is ture, i.e., a roughened surface, 
partially discharged through the stimulation circuit The activation of the electrode head of vitreous car- 
within 0.5 to 2 msec. In the intervals between tlie pulses, 30 bon is generally performed by oxidants such as oxidiz- 
the capacitor is recharged from the power supply unit, ing acids, e.g., nitric acid. Electrochemical oxidation is 
i.e., a battery. During the pulse, the field strength re- also an effective activation method. However, vitreous 
quired for triggering of the stimulus exists in the excit- carbon which was heat treated in an oxidizing atmo- 
able tissue in the vicinity of the stimulation electrode. sphere, the activating taking place preferably by heating 
Heretofore it has been customery to use stunulation 35 in air to temperatures above 400° C. is used to particular 
electrodes of platinum or ElgUoy. However, these elec- advantage. With such treatment, a slight burning off of 
trodes have the disadvantage of causing the adjacent the surface which has an extremely advantageous effect 
tissue to degenerate, since they surround themselves on the electrical properties occurs. The activation can 
with a connecting or connective tissue layer about 0.5 also be accomplished by heating in an oxygen, water 
to 1 mm thick which is not excitable. This connective 40 vapor or carbon dioxide atmosphere, the activating 
tissue layer develops over a period of approximately 3 time, as in the case of heating in air, beiiig preferably 
to 4 weeks. During this time, the stimulation threshold less than 1 hour at a temperature of 400° to 800* C. 
continuously increases, i.e., an increasingly larger cur- The roughening of the electrode surface, with the 
rent is required for triggering the stimulation process. smooth surface being maintained macroscopically, can 
Thus, the voltage required also increases. The excitable 43 also be performed at the time when the electrode is 
tissue, so to speak, moves away from the electrode, and being prepared. For this purpose, a blank of synthetic 
more energy must therefore by supplied to generate the resin, from which the electrode head is to be made, is 
same field strength at the surface of the virtual electrode immersed prior to the pyrolysis in a concentrated solu- 
formed in this manner as at the stimulation electrode tion of polyacrylic nitril in zinc chloride. In this man- 
itself. If the head of the stimulation electrode consists, 50 ner, a very thin layer of microporous carbon with pores 
for instance, of an hemisphere with a radius of 1 mm and having a diameter in the range of about 5 A is produced 
a connecting tissue layer about 1 mm thick develops on the electrode head in the carbonizing, 
around this stimulation electrode, then the stimulation By activating the vitreous carbon, the polarization 
threshold current increas« fourfold. Since the voltage losses which occur at the boundary surface between the 
increases approximately at the same rate, the power 55 electrode and the tissue and do not contribute to an 
required becomes about 16 times as large. This means increase of the field strength in the adjacent excitable 
that the requirements placed on the capacity and the tissue, can be kept very low. In this manner, little capsu- 
voltage of the energy source depend to a considerable lation through connecting tissue formation as well as 
degree on the tissue growth at the stimulating electrode. low energy consumption and, along therewith, good 
Although it is known to use as electrode materials for 60 continuous operation behavior are ensured with the 
stimulation electrodes spectrally pure graphite and car- implantable electrode according to the present inven- 
bon, such electrodes nevertheless have not found accep- tion, since the current density of the stimulation thresh- 
tance in practice. For, at the surface of these electrodes, old is not increased for the duration of the implantation, 
at thin capsule of connective tissue also develops, and in Because of the smooth, glass-like surface of the vitre- 
addition, these electrodes do not withstand the mechan- 65 ous carbon, there might be danger, with the implantable 
ical stresses in the heart. In fact, the wear and the dan- electrode according to the invention that there is not 
ger of breakage are so great, that they are not suited in enough adhesion to the body tissue. Since the surface 
the long run for human implantation. scarcely preseints points of attack for the tissue to grow 
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on the electrode might have a tendency to dislocate, so weeks, the stimulus current was 0.16 mA. The stimulus 
that reliable, continuous stimulation would not be as- voltage was, in each case, 0.11 V. The stimulus thresh- 
sured. In order to fix the electrode securely, therefore, old therefore remained unchanged for the duration of 
a suitable holder at the cable lead in the immediate the implantation. 

vicinity of the electrode head can be provided. How- 5 In comparison thereto, a commercially available 
ever, to reliably fix the implantable electrode according platinum-iridium stimulation electrode while initially 
to the invention the electrode head itself can also be also displaying a stimulus threshold current of 0.15 mA, 
used. To accomplish this, the vitreous carbon is pro- had this value increase to 0.42 mA after 30 days. At the 
vided with slots or holes, i.e. pores in the range of about same time, the stimulus threshold voltage increased 
between 50 to 500 /im into which the tissue can grow. 10 from an initial value of 0.165 V to 0.45 V. During the 
Since it is difficult to work such a structure into the implantation period, a connecting tissue layer 0.6 mm 
finished electrode head of vitreous carbon, it is advanta- thick had, developed. 

geous to form it in the blank before the head is made. xhe increase of the stimulus threshold, however, in 
For this purposes, formed bodies or fibers can be em- this case is explained not by the growth of the connect- 
bedded in the blank. These are decomposed or evapo- 15 j^g tissue alone, as was determined by the following 
rated in the pyrolysis, with only a corresponding hole comparison test In a porous platinum stimulation elec- 
or slot structure remaining. Zinc or polyethyhlene can trode, which was obtained by sintering powdered plati- 
be used, for instance, for embedding. num black at 1450° C, the stimulus threshold rose 

DESCRIPTION OF THE FIGURE ,„ within 33 days from 0.20 mA to 0.39 mA, while the 

, . ... connecting tissue layer formed in this period was only 
The FIGURE is a cross-sectional view of the im- g j mm thick. For such a rise of the stimulus threshold, 
plantable electrode of this application wherem (1) is a jj^^ connecting tissue layer should have had a thickness 
schematic representation of the electrode head, (3) is ^ 5 j, g however. The reason for this fact 
the electrode lead, and (5) is illustrative of a micropo- ^^^^ seem to be that the muscle cells in the vicinity of 
rous surface (not shown to scale). 25 electrode are damaged even before they have com- 

pletely degenerated into connecting tissue; this damage 
manifests itself in an increased stimulus threshold. Cor- 

To determine *e suitability of the implantable elec -P-^ Srod^hS of'^Tur^bo!.': hti 
SireS'-e^rdLwrmpra^^^^^^^^ „V 

„,j»i, i,=.„;™i.»Uo,i oi»r+rr,rf» iiPoH The experimental results show that implantable elec- 

(sii^ceror^^ofvTtrSSri^^^^^ ^^'rT^'i^^^:^! ^t^^. 

Uated initially shows a stimulus threshold voltage of 35 vitreous carbon ''•'O^ l.tfle polamato^ 

1000 ohms) and into a polarization loss, which occurs 40 the current source is long he lattw can a^so be 
predominantly at the sttoulation electrode. The polar- made small. Fuitiier, the electrodes are surrounded 
Ltion losses are about one-half to two-thirds of the oj^y be a very thin connectmg t,«ue skir, so to 
total losses. With a voltage of 5 V. as is required in ^^'^ <=^ ^e made still smaller without more 
conventional heart pacemakers, development of gas polarization occunn^ In this manner, the energy con- 
would accordingly come about at the stimulation elec- 45 sumption is reduced turther. 

tode. since the polarization is about 2 to 3 V and would ^ I" «ldition to its use as a sumulation electrode for 

therefore be above the decompositon voltage of water. heart pacemakers, the implantable electrode according 



Therefore, difficulties would occur with the secure to the present invention can also be used as a stimulation 
- electrode for muscle and nerve stimulation. Further- 



fixation of the stimulation electrode in the body. Due tc 



the fact that, with the implantable electrode according 50 this electrode can also be used for the measure- 
to the invention, only a slight mcrease in the stimulus ment of oxygen in the body, 
threshold possibly occurs, however, only a voltage of What is claimed is: 

about 1 to 2 V is still needed if it is used for a heart 1- A tissue-implantable electrode, parucularly a stira- 

pacemaker. The decomposition voltage of water is thus ulating electrode, including an electrode head and an 

not reached here any more. 55 electrical lead connected thereto, the head consisting of 

A stimulation electrode with an electrode head of a vitreous carbon body superficially activated by an 
superficially activated vitreous carbon was prepared m oxidizing treatment, said treatment forming a thin, mac- 
such a manner that the electrode head was first worked roscopically-smooth surface layer of carbon having a 
with emory paper and was subsequently annealed at microporous structure, whereby polarization losses 
about 500° C. in a quartz tube in air for about half an 60 which occur at the boundary surface between the elec- 
hour in a sintering slide. A silver wire, which was ce- trode and the tissue are kept low, and the stimulation 
mented to the electrode, served as the contact, as in the threshold voltage remains substantially constant over 
case of the stimulation electrode with vitreous carbon the duration of the implantation, 
which was not pre-treated. The electrode likewise had 2. The electrode of claim 1 wherein the surface layer 
an hemispherical electrode head witii a surface of 0.08 65 has a pore diameter of about 5 Angstroms, 
cnji. 3. The electrode of claim 1 wherein the surface layer 

Immediately after implantation, this stimulation dec- is formed by heating said vitreous carbon body in an 

trode had a stimulus current of 0.15 mA. After four oxidizing atmosphere. 
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vitreaus carbon body is heated in air at a temperature 

4. The electrode of claim 3 wherein the vitreous car- above about AOO' C. 

6. The electrode of claim 1 wherein the vitreous car- 
bon body is heated in air at about 400°-800° C. bon body further comprises about 50-500 pores 
5 adapted to adhere said electrode to said tissue. 

5. The electrode according to claim 3 wherein the » * ♦ * » 



65 



